Application No. 09/347,064 

Reply to Office Action of March 11, 2004 



REMARKS 

Upon entry of the foregoing amendments, claims 1-27, 29,37, 47 and 48 will be pending. 
Claims 1, 34 and 36 are the only independent claims. 

For the following reasons, this Amendment and the accompanying Langer Declaration (with 
curriculum vitae as Appendix A and references) and the Request for Continued Examination are 
believed to overcome the rejections of record in the Office Action of March 1 1, 2004, containing a 
final rejection of this application, which was the subject of a Notice of Appeal that is now moot in 
consideration of these documents. 

Initially, Applicants are pleased to note that all prior art rejections have been overcome or 
withdrawn based on the prior prosecution of this application, and that priority of this application 
under 35 U.S.C. § 1 19 has been accorded to Applicants' European application No. EP 97 10 0012.0, 
filed January 2, 1997 (the "prior European application"). Although in section 5 at page 2 of the 
Detailed Action the Examiner advised Applicants to amend the first line of the specification to claim 
the benefit of such foreign application, Applicants' respectfully submit that the claim of the benefit of 
foreign priority and a specific reference to the foreign application need not be made directly in the 
specification, as the Cross-Reference to Related Applications are appropriate only for claiming the 
benefit of earlier priority dates of related applications that are continuations, divisions, continuations- 
in-part, applications under 35 U.S.C. § 371, and provisional U.S. applications. The benefit of the 
prior European application has been claimed through the appropriate documentation in the file history 
of the present application. 

Claim 49, directed to a medicament comprising the nucleic acid molecule of claim 1, has been 
cancelled without prejudice. Thus, the basis for the rejections in the first two paragraphs at page 3 of 
the Detailed Action are now moot. 

Many of the claims have been amended to place them in better form for allowance and to 
clarify the invention, all without adding new matter. Claim 1 has been amended to delete recitations 
of fragments or derivatives of the effector and processing modules of the mistletoe lectin chain A and 
the mistletoe lectin propeptide, respectively, and to include conventional hybridization conditions for 
appropriate nucleic acid molecules which hybridize with nucleic acid molecules recited in portions 
(a) (i) and (ii) and (b) (i) and (ii) of the claim. The deletion of fragments and derivatives is believed 
to overcome the basis of rejections of this claim and those claims dependent on claim 1 . The 
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inclusion of the conventional hybridization conditions is supported by the application as filed at page 
16, lines 17-25, and is specifically intended to include equivalent hybridization conditions as would 
be known to one skilled in this art, with reference, for example, to the Sambrook, et al and Hames 
and Higgins texts cited in this section of the specification. Likewise, conventional hybridization 
conditions have been recited in claims 5, 34 and 36. 

Attached as Exhibit 1 is a copy of the title page of Sambrook, et al, and pages 2.1 14-2.1 17, 
9.47-9.51 and 1 1.44-1 1.49. These pages relate to conventional hybridization conditions and make it 
clear that one skilled in the art would understand that hybridization temperature is a function of the 
length of the oligonucleotide probe. The hybridization temperature is about 20 to about 25° C below 
the melting temperature, which for oligonucleotides longer than 100 bases can be calculated 
according to the formula at page 9.51. The suggested hybridization temperature is 68° C (page 2.1 14, 
item 3). The melting temperature for shorter oligonucleotides having a length between 14 and 17 
bases can be calculated according to the formula at page 1 1 .46, resulting in a suggested hybridization 
temperature of about 48 to about 66° C, depending on the length (page 1 1 .48). These calculations 
were used to determine the hybridization temperatures recited in the claims. Thus, the hybridization 
temperature in claims l(a)(iii) and 34(a)(iii) is about 65° C (in line with the temperature at page 
2.1 14, item 3), and the hybridization temperature in claims l(b)(iii) ? 5(iii) and 36(b)(iii) is about 50° 
C. In view of this explanation, Applicants respectfully submit that the amendments are fully 
supported and no new matter has been added. 

Claim 8 has been amended to clarify what S3 and S4 are affirmatively, rather than merely 
negatively. This amendment is supported in the specification at page 23, lines 8-9. 

Claims 10 and 1 1 have been amended to make it clear that the cells involved participate in 
acquired immunity, consistent with the understanding of one skilled in the art that the specific 
immune system is also understood as the acquired immune system, as will be explained below with 
respect to the Langer Declaration. 

Claim 13 has been amended to make it clear that the cells involved participate in innate 
immunity, consistent with the understanding of one skilled in the art that the unspecific immune 
system is also understood as the innate immune system, as also will be explained below with respect 
to the Langer Declaration. 

Claim 15 has been amended to correct an obvious typographical error with respect to 
punctuation in the SEQ ID NO. 
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Claim 1 7 has been amended to delete a recitation of an exchange at position 79, since that 
position is recited in claim 47. 

Claims 19 and 20 have been amended to correct an obvious grammatical error in each by 
removing an unnecessary "is" from the claims. 

Claim 22 has been amended to include a period at the end of the claim. 

Claim 29 has been amended to consistently refer to the method as a "method," rather than as 
both a "process" and a "method," even though such terms are synonyms. 

Independent claim 34, similarly to claim 1 , has been amended to delete references to 
fragments and derivatives of the effector module and to recite conventional hybridization conditions 
as appropriate. 

Claim 35, depending from claim 34, has been amended to delete a reference to a derivative of 
the mistletoe lectin propeptide. 

Independent claim 36, similarly to claims 1 and 34, has been amended to delete references to 
fragments and derivatives of the processing module and to recite conventional hybridization 
conditions as appropriate. 

Claim 37, depending from claim 36, has been amended to delete a reference to a derivative of 
mistletoe lectin A. 

Claim 47 has been amended to include a recitation to position 79, moved from claim 17, since 
claim 48 refers to a preferred substitution at this position. 

Claim 48 has been amended to correct the typographical error relating to the claim from 
which it depends to clarify that claim 48 depends from claim 47, rather than from claim 37. 

Since all of the claim amendments are fully supported by the application as filed, no new 
matter has been added and their entry is respectfully solicited. 

In section 8 at pages 2-4 of the Detailed Action, claims 9, 10, 12-14, 16, 24 and 25 were 
rejected under 35 U.S.C. § 1 12, first paragraph, as not being supported by an enabling disclosure. In 
considering Applicants 5 prior arguments, the Examiner mentioned that they appeared to suggest a 
method of trial and error without a particular expectation of success with a any particular construct, 
thus comprising undue experimentation. In section 9 at pages 4-5 of the Detailed Action, all of the 
pending claims were rejected under 35 U.S.C. § 1 12, first paragraph, as not being supported by a 
written description in the specification. The Examiner apparently is of the opinion that Applicants 
have not provided evidence that they were in possession of a representative number of what the 
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Examiner considered an "essentially limitless number of polynucleotides encoding fusion proteins 
. . .." In view of the amendments and the following reasons, including the Langer Declaration and its 
references, Applicants respectfully disagree with and traverse, and also request reconsideration and 
withdrawal of the rejections under 35 U.S.C. § 1 12, first paragraph. 

Applicants have amended several claims as discussed above to delete recitations of fragments 
and derivatives of modules of the nucleic acid molecule claimed in this application, and have 
included conventional hybridization conditions for certain of the modules, as well. These 
amendments, together with the explanation in paragraphs 13-21 of the Langer Declaration and the 
references cited therein. Dr. Langer is well-qualified in the field of molecular biology, and is familiar 
with this application, as well as the amended claims, as noted in paragraphs 2-12 of the Langer 
Declaration. While he is not an inventor of the subject matter claimed in this application, he has been 
employed by both the prior assignee and the present assignee of this invention (see Langer 
Declaration paragraphs 4, 5 and 8), and is representative of a person having a high level of skill in the 
art of molecular biology, cytology and immunology, to whom the present application is directed (see 
Langer Declaration paragraphs 8-12). 

As Dr. Langer explains in paragraphs 13-20 of the Langer Declaration, one skilled in the art, 
in view of the disclosures in the present application, would certainly understand and appreciate how 
to make and use the claimed invention and would also readily appreciate that Applicants were in 
possession of the claimed invention in sufficient detail and in a sufficient representative number of 
examples. The references cited by Dr. Langer in these paragraphs and provided with the Langer 
Declaration, together with Dr. Langer' s explanations and citations to the application, provide clear 
evidence for the conclusion in paragraph 21 of the Langer Declaration that one skilled in the art 
would be enabled by the application and would realize that Applicants possessed their invention at 
the time it was filed. 

For the reasons noted in the Langer Declaration and in view of the amendments above, 
Applicants respectfully submit that the rejections under 35 U.S.C. § 1 12, first paragraph, have been 
overcome, and respectfully request reconsideration and withdrawal of such rejections as they are 
applied to this application. 

In section 10 at page 5 of the Detailed Action, claims 10-14 were rejected under 35 U.S.C. 
§ 1 12, second paragraph, as being indefinite, with respect to the use of the terms "a cell of the 
specific immune system" in claims 10 and 1 1, a "cell of the unspecific immune system" as used in 
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claim 13, and a "degenerate cell of the immune system" as used in claim 14. Applicants respectfully 
disagree with and traverse these rejections. 

With respect to these rejections under 35 U.S.C. § 112, second paragraph, the Examiner is 
directed to paragraphs 22-29 of the Langer Declaration. Dr. Langer explained that in view of his 
background, experience in the art to which this invention relates and knowledge of both spoken and 
written English and German (see Langer Declaration paragraphs 2-8), the terms to which the 
Examiner objected in claims 10-14 would be readily understood by those skilled in this art, 
particularly in view of the references he has cited in paragraphs 24-27 (including the priority parent 
application PCT/EP/00009, published as Publication No. WO 98/29540, the cover page and pages 21 
and 73 being identified as Reference 19), with respect to "specific immunity" and "unspecific 
immunity," as well as a "degenerate cell of the immune system," which he specifically addressed in 
paragraph 29 and the references cited therein. Accordingly, Dr. Langer' s conclusions in paragraphs 
28 and 29 that these terms are well understood by those skilled in this art. 

Moreover, with respect to claims 10-13, Applicants have amended claims 10, 1 1 and 13 to 
refer to the cells in a manner more typical of the way in which they are referred in the United States. 
Based on the same information in the Langer Declaration, the written description at page 25, lines 1 1- 
12, also has been amended to refer to the more common American terminology. No new matter has 
been added. 

In view of the amendments and the evidence provided by the Langer Declaration and its cited 
references, Applicants respectfully request entry of all amendments and reconsideration and 
withdrawal of the rejections under 35 U.S.C. § 1 12, second paragraph. 

Having addressed all aspects of the Office Action, Applicants respectfully request the 
reconsideration and withdrawal of all rejections and the issuance of a prompt Notice of Allowance. 

Please note that Kristyne Bullock, the prior attorney of record, is no longer with the 
undersigned attorney's law firm. Accordingly, all further communications should be addressed to the 
undersigned attorney of record. The Examiner is encouraged to contact the undersigned attorney by 
telephone or e-mail if it is believed that doing so will help advance the prosecution of this 
application. 
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Respectfully submitted, 



JURGEN ECK, ETAL. 



^iVuu^ (J By: 



(Date) I 



ALAN S. NADEL 

Registration No. 27,363 

AKIN GUMP STRAUSS HAUER & FELD LLP 



One Commerce Square 

2005 Market Street, Suite 2200 

Philadelphia, PA 19103-7013 



Telephone: 215-965-1200 
Direct Dial: 215-965-1280 

Facsimile: 215-965-1210 



E-Mail: anadel@akingump.com 



ASN/hg 
Attachments: 

Exhibit 1: Sambrook, et ah, title page and pages 2.114-2.117, 9.47-9.51 and 11.44-11.49. 
Declaration of Martin Langer Under 37 C.F.R. § 1 .132 (and curriculum vitae as Appendix 
and references cited therein). 

Enclosures: 

Petition for Four-Month Extension of Time 
Request for Continued Examination 
Check in the amount of $ 1 ,565 
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H„*HM*~*>» * imr»c*U>*>*« ******** ****** 

diBcuggion of the factors that affect the rate and specificity of 
o?raSl£e probes to nucleic acids in^obOW on aohd 

"SKlo^^i ^£^1-30 ^ar filter* , 82 r indiara- 
-f^ ^SSSteadiustoeiite should be made to the volume wh«n carrying 
o^kylSSSS with different number* or of filter*. 

1 Float the bak'^a filters on the surface of a trey of 2 x ^ C ™f^%?t 
b^me thon^hly wetted from beneath. Submerge the filters for 5 

minutes. 

» o~v.~„„;. Transfer the filters to a circular glass crystaffizing dish con- 
SS^10?Sl?i^S solution. Stack the filters on top of one 
£££ riKSHver *e dish ^ith f«an J^P Jn 
^SequBnt steps, the filters should be slowly agitated on a rotatoe 
pTaSrmhi a waterbath or incubator at the appropriate temperature to 
Drevent them from sticking to one another. , . „ t - 

P SSoritex,*: Do not auow the filters to dry at any stage during the 
prewashing, prehybrid«atior», ot hybridization steps- 




Incubate the filters for 1-2 hours at 42°C. Then gently scrape the 
bacterial debris from the surfaces of the filters usrngKimjipes 
S^^ashing solution. Thk reduces background hybridization without 
affecting the intensity or sharpness of positive signals. 

Transfer the filters to a glass crystallizing dish containing 60 ml of 
' SShridSion solution. Incubate for 1-2 hours at ^appropriate 
Keratore (68'C when hybridization is to be canrted out m aqueous 
SSSSc when hybridization is to be carried out In 50% formauude). 

~ „ ^uers prefer to incubate the filters in sealed plastic bags (Sears SW^-M** 1 
^ *1wh« Chaoter 9. page 9 59). This method avoids problems oT 

^^yT^Beraturefi during hybridization and washing are correct. Tbe bags must 

of thVwater bath, the resealed bag nrntatatag radioacUv^y should be sealed ins** a 

■ ^2B3SS Sfo.rm on the eurfa* ^f^T^lS 

rCSiSSS not be able to coat f^v^y^Thu prcbl^ 
iSuufeed by heating the prehybridizatton solution to the appropriate 
temperature before adding It to the bag. 

The filters should be ^plefaJy covered by the prehybndfeatkm oration. Duong 
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prahybridfeatioii, sites on the nitrocellulose filter that noiwpecificato bind single- or 
double-stranded DNA become blocked by proteins in the BLOTTO. 

When "F-labeied d)NA or RNA is used as a probe, polyGM at a concentratwn of 1 
aff/ml should be included In the prehybridization and hybndisatwm aoJuhons to 
prevent the pr*b* from binding to T-rich sequences that are found fairly <*mu**ly 
in eufcaiyotic DNA- 

Whetber or not to we a prehsbridization solution containing forxnAmide ia If^va 
natter of personal prefers Both versions of these ^lutions «*Ufrt resuha 
and u^tter has d*ar<ut advantages aver the otter, Kow^ hybridation m 50% 
fomamide at 42°G ia les* harsh on nitroceflnlose filters than is^hytoAzation j*68°C 
iT^ulwtoiaiL Offsetting this advantage is the W to threefold slower rate of 
hybridization in solutions containing formaiwde- 

To maximize the rate of enneanng of the Pro^wit^ ite ^jf^^f^ 
usually carried out in solutions of high xomt strength <6* SSC ^^^p) at a 
teroperatiire that ia 20-25'C below T m (see Chapter 9, f*g*s 9.50-9*61). Both 
solXm* work emially well when hybridan iscarried ant to£^<"» aM* 
However, when formemide is included in the hybridization buffer, 6* SSFE is 
preferred because of its greater buffering power 
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4* Denature ^P-labeled double-stranded DNA probe by heating for 5 min- 
utes to 100*C. Chill the probe rapidly in ice water. Single-stranded 
probe need not be denatured. Add the probe to the prehybridization 
solution covering the filters. Incubate at the appropriate temperature 
until 1-8 x Cjt U2 is achieved (see Chapter 9, page 9.48). During the 
hybridization, the containers holding the filters should be tightly closed 
to prevent loss of fluid by evaporation. 

Alternatively, the probe may be denatured by adding 0.1 volume of 8 N NaOH. After 
5 minutes at room temperature, transfer the probe to ice water and add 0.05 volume 
of 1 M Tris • CI (pH 7.2) andJU volume of 3 N HCL Store the probe in ice water until 
it 18 needed. 

Between 2X lif and 1 x 10* cpm of 'TP-labeled probe (sp. act. =»5 x 10* cpm/u#) 
should be used per milliliter of prehybridteatlon solution* Using more probe will 
cause the background of nonspecific hybridization to increase; using less witt reduca 
the rate of hybridization. 

5, When the hybridization la completed, remove the hybridization solution 
and immediately immerse the filters to a large volume (800-500 ml) of a 
solution of 2 x SSC and 0.1% SDS at room temperature. Agitate the 
niters gently, and turn them over at least once during washing. After 5 
minutes, transfer (be filters to a fresh batch of wash solution and 
continue to agitate them gently. Repeat the washing procedure twice 
more. At no stage during the washing procedure should the filters be 
allowed to dry. 

Hybridization mixtures containing radiolabeled single-stranded probes may be 
stored at 4°C for several days ami reneed without further treatment. However, 
hybridization mixtures containing complementary strands of DNA should be dis- 
carded, since there ia no satisfactory way to denature the double-stranded DNA that 
form? during the nrst round of hybridization. 

6, Wash the filters twice for 1 -L5 hours in 300-500 ml of a solution of 1 x 
SSC and 0.1% SDS at 68 D C At thi$ point, the background Is usually low 
enough to put the niters on fihn. If the background is still high or if the 
experiment demands washing at high stringencies, immerse the filters 
for 60 minutes in 300-500 ml of a solution of 0.2 x SSC and 0.1% SDS at 
6S°C. 

7, Dry the filters in the air on paper towels at room temperature. Arrange 
the filters (numbered side up) on a sheet of Saran Wrap. Apply adhesive 
dot labels marked with radioactive ink to several asymmetric locations 
on the Saran Wrap. These markers serve to align the autoradiograph 
with ike niters. Cover the labels with Scotch Tape. This prevents 
contamination of the film holder or intensifying screen with radioactive 

ink. 

Radioactive ink is made by mi»tng a small amount of **P with waterproof black 
drawing ink. We find it convenient to make the mk in three grades; very hot 
(>2000 cpa on a hand-held mmimonitor), hot (>500 q» on a hand-held 
minimonitor), and cool ( > 50 cps on a hand-held itiinlmonitor). Use a fiber-t ip pen to 
apply ink of the desired hotness to the adhesive labels Attach rab^oactrre-warning 
tape to the pen* and store it in an appropriate place. 
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S. Cover the filters with a second sheet of Saran Wrap, Expose the filters to 
X-ray film (Kodak XAR or equivalent) for 12-16 hours at -70°C with an 
intensifying screen (see Appendix E). 

9. Develop the film and align it with the filters using the marks left by the 
radioactive ink. Use a nonradioactive fiber-tip pen to mark the film with 
the positions of the asymmetrically located dots on the numbered filter?. 
Tape a piece of clear Mylar or other firm transparent sheet to the film. 
Mark on the clear aheet the positions of positive hybridization signals. 
Also mark (in a different color) the positions of the asymmetrically 
located dots. Remove the clear aheet from the film. Identify the positive 
plaques by aligning the dots on the clear sheet with those on the agar 
plate. 

Some batchea of nitrocellulose filtera swell and distort during hybridization and 
subsequent drying, so that it becomes difficult to align the two sets of dots. This 
problem can be alleviated to some extent by autoclaving the dry niters between 
pieces of damp Whatman 3MM paper before use (10 Ib/sq. in. for 10 minutes on 
liquid cycle). Nylon membranes do not suffer from this problem, 

10. Each positive plaque should be picked as described on page 2.63 and 
placed in 1 ml of SM containing a drop of chloroform. Often, the 
alignment of the niters with the plate does not permit identification of an 
individual hybridizing plaque. In this case, an agar plug containing 
several plaques should be picked. An aliquot (usually 50 pi of a 10~ 2 
dilution) of the bacteriophages that elute from the agar ping is replated 
so as to obtain approximately 500 plaques on a 90-mm plate. These 
plaques are then screened a second time by hybridisation. A single, 
well-isolated positive plaque should be picked from the secondary screen 
and used to make a plate stock (see page 2.65 or 2,66 X 
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BYBMtnUZATEON OF JRADIOLSMETEB PBOBE8 
TO IHMOMUIXED NVCZETC AdDS 

There are many methods available to hybridize radioactive probes in solution 
to nucleic acids immobilized on solid supports such as nitrocellulose filters or 
nylon membranes. These methods differ in the following respects: 

• Solvent and temperature used (e.g., 68°C in aqueous solution or 42°C in 
50% formamide) 

• Volume of solvent and length of hybridization Qarge volumes for periods as 
long as 3 days or minimal volumes for periods as short as 4 hours) 

• Degree and method of agitation (continuous shaking or stationary) 

• Use of agents such as Denhardtfs reagent or BLOTTO to block the non- 
specific attachment of the probe to the surface of the solid matrix 

• Concentration of the labeled probe and its specific activity 

• Use of compounds, such as dextran sulfate (Wahl et al 1979) or poly- 
ethylene glycol (Renz and Kurz 1984; Aroasino 1986), that increase the rate 
of reassociation of nucleic acids 

• Stringency of washing following the hybridization 

Although the choice depends to a large extent on personal preference, we 
offer the fallowing guidelines for choosing among the various methods 
available. 

1. Hybridisation reactions in 50% formamide at 42°C are less harsh on 
nitrocellulose niters than is hybridization at 68°C in aqueous solution. 
However, it has been found that the kinetics of hybridization in 80% 
formamide are approximately four tunes slower than in aqueous solution 
(Casey and Davidson 1977), A^mming a linear relationship between the 
rale of hybridization and the formamide concentration, the rate in 50% 
formamide should be two to three times slower than the rate in aqueous 
solution. Both types of solvents give excellent results and neither has a 
clear-cut advantage over the other. 

2. The smaller the volume of hybridization solution, the better. In small 
volumes of solution, the kinetics of nucleic add reassociation are faster 
and the amount of probe needed can be reduced so that the DNA on the 
niter acts as the driver for the reaction. However, it is essential that 
sufficient liquid be present for the filters to remain covered at all times 
by a film of the hybridization solution. 

3- Continual movement of the probe solution across the filter is un- 
necessary, even for a reaction driven *by the DNA immobilized on the 
fitter. However. If a large number of filters are hybridized simultaneous- 
ly agitation is advisable to prevent the filters from adhering to one 
another. 

4. The kinetics of the hybridization reaction are difficult to predict from 
theoretical considerations, portly because the exact concentration of the 
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mobilized nucleic acid^d its {^^^^<£ 
known. Wb^ P^,^^ tXt ^ of thongs 
nick-translated *^^ d °? ^^^ { J^^ s ^ eat to enable 
useful: ^^^rS^X^ r iHo ml of hybridization 
the probe in solution ™ wxU r^ch C.^in 2 

St^lTWiate values into the Mowing equaboo: 

1/x x y/S x 2/lt) x 2 = number of hours to achieve C„f 1/8 
„ w * - the weight of the probe added (in micrograms), y » its «*J«- 
r^SrWp^S- complexity is rr tW tcthelea^ofth. probe 

synthesized in l By ^ridization time may be shortened, 

of tho pwke » the DNA immobitaed on Um Site. 

^ «*« 0,25* T^^J^ S toSto Denhardt'a 

iQAi* This is much less expensive, easier 10 use d 

taction .bout Hocking "pots, T^Je 9.1. 
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nuclides in length are need. 
7 . fc the presence of 10% des^n ^^^rcwtt^. 

^ution occupied by the P^'^ 
excluded from the therefore increased. Although dextran 

S3 « «*> * ^stances where the 
sulfate and polyethylene g l y^' detecting rare sequences 

rate of hybridisation is *. £JJ jj^ J^??3U benefit when 
(e.g., northern or genonue a 00 **"*"?^ JJZ In addition, they can 
scaring bacterial "^^J^^h^d^tion con- 
Bometimes lead to , ^ ^ htidjTbSuse of their viscosity. We 

taining them are *JS*££J «£« anTpolyethylene glycol not he 
therefore ^J^^J^ *S<£ Jg^slcS'^he filter contains very 
^^r^t^^T^^ P«*e IS ^ 

tions are usually earned ^^^^ SSc below the melting 

buffering power. 
9 . Ingeneral^Mngc.^ 

a combination of ^^ftTe Slculated T m of the hybrid 
that is approximately 12-20*C Jjetow *n ^ often he de- 

— 5V- — * 

pebble time using ^.^^^U^ach lane of tt» gel 
gbridkation of «S^g^^m& probe (ap act 
contains 10 ^ of DNA. ^"^^l^ft^n should he earned 
cpm/^g or greater) ahoidjbe ™ 0 uTsoE^fbr 24 hour* at 42°C m 
out for 12-16 hours a ^JL* ^riSion of fragmBnts of cloned DNA 
SWformannde. For Souihem ^^^^^ DNA or more, 
where each band of the SSKiA carried out for 

greater). 
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T m = 81.5°C + l&eUogjofNa+tt + 0,41(fractionG + O- 0,63(% form- 
amide) - (600/Z) 

where I the length of the hybrid in base pairs. 
This equation id valid for. 

♦ Concentrations of Na 4 * ta the range of 0.01m to 0.4 m. It predicts T m 
lees accurately in solutions of higher [Na + ]. 

• DNAswhoeeG + C content is in the range of 30% to 75^- Note that 
the depression of T m in solutions containing formamide is greater 
for poly(dA:dT) (0.75 Q C/1# formamide) and less for DNAs rich in 
poly(dG:dC) (0.50°C/1% formamide) (Casey and Davidson 1977). 

The equation applies to the 'Veversible" T„ that is defined by optical 
measurement of hyperchromicity at OD S67 , The ^Irreversible* T to> 
which is more important for autoradiographic detection of DNA hy- 
brids, is usually 7-10°C higher than that predicted by the equation. 
Similar equations have been derived for: 

L UNA probes hybridizing to immobilized RNA (Bodkin and 
Rnudson 1986) 
T ^79J^ + 18-5(log 1 o[Na + ]) + 0.5a(n^ctionG + C) 
m + Infraction G + C) a - 0.3W# formamide) - (820/f ) 

ii. DNAJtNA hybrids (Casey and Davidson 1977) 

T . 79,8*0 + 18.5aog iq tNa*]) + 0.58(fraction G+C) 

+ Infraction G + Cf - 0.50(% formamide) - (820/Z) 

Comparison of these equations shows that the relative stability of 
nucleic add hybrids decreases in the following order ENA:RNA (most 
stable), RNAiDNA (less stable), and DN&DNA (least stable). In 
aqueous solutions, the T m of a DNAJ)NA hybrid is approxnnately 
10*C lower ***** that of the equivalent RNAJCNA hybrid. In 80% 
formamide, the T m of an RNAiDNA hybrid is approximately 10*0 
higher than that of the equivalent DNArDNA hybrid. 

b. The T m of a double-stranded DNA decrease 8 by 1-1.5°C with every 1% 
decrease in homology (Bonner et al 1973). 

The above equation apply duly to hybrids greater than 1 W mideotides » length. 
The behavior of ohgwvudeotide probes is described m detail m Chapter 11. 

For a general discussion of hybridization of nucleic acids bound to solid 
supports, see Meinkoth and Ward (1984). 
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Conditions tor HyorUHaation 
of Oligonucleotide Probes 



When using ol^nucleotides^p™^^ ^u^tS ^ 
stringent enough to guarantee ^^"^,^ t !^7 T ^NA molecules more 
Stion of stable hybrid* f£"Zg£^JZ££ curled out at 
than 200 nucleotides m length * JZi " perfect hybrid. 

5__5*C below the calculated ™^^^*^^t* £red to the 
However, as the length of the probe ^J^^™^* „ T _ - 25°C. 
point where it is often impractical to t ,^^SSe7tlde6 £ carried 

out under conditions that are only ^^X.f^S«natched clones that are 
strict condition reduce the «uinber of — JJ**^ desirabl. 

_e 2\_ are far easier 1-^^ hS ^rtant pmc&al consequences, 
be regarded as reversible This ?^JT?^ m oh*u^ are essentially 
Whereas hybrids formed between ^^^^^ hybrid (even 
stable under the conditions used ^^3e^ r^lT^ybridi^tion 
perfect hybrids) tavolvmg oh^nud^de^ no^ ^ ^ ^ 

Uhing of snch hybrids Pot treason, hybridi- 

probe does not dissociate from ^^^C^Jed out under stringent 
Un* wi* short S^e^ "^lon^tionB (0-1-1.0 J^e/ 
conditions (5-NrC below tne * of oligonucleotides (<8) are 

ml) of probe. When only one or a^*™^ .SS^brium, and 
used as probes, the a^eaUng ^ t tSn?^f af^T? « ThourTW, 
hybridization should l^* 8 te JSSS» " each oUgomideotide is 
complex matures, in ^\^ e . ^ n ^^^for propo^onately 
comparatively low. '^^^"^^^^^^igonucleoSS should 
longer periods- For ^^^^^^ ^^Ac^Ab^ carried out 
be ^^^^^S^^Z^ stringency and then 
for brief periods of tone, initially nnoei : am»u hybridization, 
under conditions of stringency equal to those used tor nyo 
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CALCULATING MEMXMNG TEMXTEUA^UBBS EOB EEBFECTLY MAivmuw 
HYBBXBS BETWEEN OIJWWWCXFOTIPJKtf ANB TBEIB TARGET 
SEQUENCES 

When using single oligonucleotides that match the target sequence perfectly, 
hybridization conditions can easily be derived from the calculated T m of the 
hybrid. For oHgonucleotides shorter than 18 nucleotides, the T m of the hybrid 
can be estimated by multiplying the number of A +T residues m the hybrid 
by 2^0 and the number of G + C residues by 4°C and adding the two numbers 
(Itakura et aL 1984). However, this method overestimates the T m of hybrids 
involving longer oligonucleotides. 

A deferent approach has been taken by E. Fntsch (unpubL^ho found 
that the equation originally used to calculate the relationship between G + C 
content, ionic strength of the hybridization solution, and the T m of long DNA 
molecules (Bolton and McCarthy 1962): 



T m = 81.5 + l6.60og lo [Na*)) + 0*41(fraction G + C)- (600/JV) , 

where N = chain length, predicts reasonably well the T m for oligonucleotides 
as long as 60-70 nucleotides and as short afe 14 nucleotides. 
This formula onJy works for Na* concentrations of 1 m or loss. 
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liYHfUntZATIOJV OF JPOOIS OF OIJGOIVUCZEOZmES 

It is easy to calculate accurately the T a of a perfectly matched hybrid formed 
between a single oligonucleotide and its target sequence. However, when 
using pools of oligonucleotides whose members have greatly different con- 
tents of G + C, it is impossible to estimate a consensus T to - Because it is not 
possible to know which member of the pool will match the target sequence 
perfectly, conditions must be used that allow the oligonucleotide with the 
lowest content of G+C to hybridize efficiently. Usually, conditions are 
chosen to be 2°C below the calculated T m of the most A/T-rich member of the 
pool (Suggs et aL 1981b). However, the use of such lowest common 
denominator* conditions can lead to a number of false positives, because 
mismatched hybrids formed by oligonucleotides of higher G + C content may 
be more stable than a perfectly matched hybrid formed by the correct 
oligonucleotide. In most cases, this problem is not serious, since the number 
of positive clones obtained by screening cDNA libraries with pools of oligonu- 
cleotides is usually quite manageable. It is therefore possible to easily 
distiTigmgh false positives from true positives by another test (e.g., DNA 
sequencing or hybridization with a second pool of oligonucleotides corre- 
sponding to another segment of amino acid sequence). 

In those cases when the number of positives is unacceptably high, it may be 
worthwhile to consider using hybridization solvents that contain the quater- 
nary alkylammonium salts tetraethylammonlum chloride CFEAC1) or tetra- 
methylammomum chloride (TMAC1) instead of sodium chloride (Melchior and 
von Hippel 1973; Jacobs et aL 1985, 1988; Wood et aL 1985; Gitechier et aL 
1986; Wozney 1989). In these solvents, the T m of a hybrid is independent of 
its base composition and dependent primarily on its length. Thus, by 
choosing a temperature for hybridization appropriate for the lengths of the 
oligonucleotides in a pool, the effects of potential mismatches can be 
minimized. 

it is important to obtain an accurate estimate of the T m in TMAC1 or 
TEAC1 before using pools of oligonucleotides to screen cDNA or genomic DNA 
libraries. Jacobs et aL (1988) measured the T s (the irreversible melting 
temperature of the hybrid formed between the probe and its target sequence) 
as a function of chain length for a number of oligonucleotides of differing 
G+ C content in solvents containing either sodium or tetramethylammonium 
ions. Hybrids involving oligonucleotides 16 and 19 nucleotides in length melt 
over a smaller range of temperature in solvents containing TMAC1 than in 
solvents containing sodium salts (3°C for TMAC1 vs. 17*0 for SSC when 
hybridizing 16-mers; FC for TMAC1 vs. 20°O for SSC whan hybridizing 
19-mers). For 14-mers* the effect is much less dramatic (7°C for TMAC1 vs. 
9°C for SSCX Similar, but less extensive, data are available for solvents 
staining TEAC1 (Jacobs et aL 1988). 

The optimal temperature for hybridization is usually chosen to be 5°C 
. below the T- % for the given chain length The recommended hybridization 
temperature for 17-mers in 3 mTMACI is 48-50*0; for 19-mers, it is 56-57°C; 
and for 20-mers, it is 58-66*0. Three points axe worth emphasizing. First* 
the Tfi of hybrids are uniformly 15-20°C higher in solvents containing 
TMAC1 than in solvents containing TEACH. The higher 7\ in solvents 
containing TMAC1 allows hybridization to be performed at temperatures that 
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suppress nonspecific adsorption of the probe to solid supports (such as nylon 
membranes), resulting in lower nonspecific backgrounds. Second, hybridiza- 
tion solvents containing TMAC1 do not have significant advantages over those 
containing sodium ions until the length of the oligonucleotide exceeds 16 
nucleotides. Finally, the data have been extensively examined for 10-mers, 
19-mers, and; in previous studies, for much longer DNA molecules (Melchior 
and von Hippel 1973). tt is currently an untested assumption that the same 
beneficial effect will be seen for DNA molecules of all intermediate lengths. 
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